Abstract: In this study we focused on life history parameters of Electrogena ujhelyii. We studied life cycle, nymphal growth pattern, biomass and secondary production in a small, calcareous stream in Malé Karpaty Mts (West Carpathians). The life cycle was univoltine with a large range in the size of nymphs during most samples dates. Mean annual density was 40 ind. m −2 and the annual secondary production reached 183 mg DW m −2 y −1 . There are no published data available on the secondary production values of this species, therefore these are the first published data.
Introduction
Rates of biomass growth and accumulation for any macroinvertebrate population are constrained by "life history", the temporal pattern of development from egg through adult stages and the duration and abundance of each stage (Butler 1984) . Natality, abundance, individual growth rate, individual biomass, dispersal, and survival are all important life-history attributes that together determine levels of production at the population level (Benke 1984 (Benke , 1993 . Aquatic insects are important in energy flow in freshwater ecosystems, since they constitute an important link between the algal/detrital food base and the higher trophic levels, including fishes (Benke 1984) . Because of the close relationship between life history attributes and production, patterns of production among macroinvertebrate populations and communities must also reflect the relationship between life history and the environmental template (Southwood 1988) .
Electrogena ujhelyii (Sowa, 1981) was originally described as Ecdyonurus ujhelyii from the tributaries of Lake Balaton in Hungary (Sowa 1981) . The species was then reported from East Germany (Braasch & Jacob 1984) , Austria (Weichselbaumer & Sowa 1990 ), Italy (Belfiore & Desio 1995) , France (Barthelemy & Brulin 2000) , Luxembourg, Switzerland, the Czech Republic, Poland, Slovakia and Ukraine (Bauernfeind & Soldán 2012) . Nevertheless, the species is considered rare in some parts of its distribution area (Buffagni et al. 2009 ). Larvae were found on the sandy bottom but probably they also live in the stony bottom (Sowa 1981) . Řezníčková et al. (2010) found that small and mid-sized larvae (body length of 2-8 mm) of E. ujhelyii preferred places with gravel and CPOM substrate, while older larvae (> 8 mm) preferred places with pebbles and cobbles. The information about the life cycle of E. ujhelyii are very limited, Sowa (1981) suggested one generation in the year, with adult emergence in late spring and summer, Hettlich et al. (1996) found univoltine life cycle and Řezníčková et al. (2010) mentioned univoltine winter life cycle. Furthermore, there are no published data available on the secondary production of E. ujhelyii. Therefore, the aim of this study was to describe the life cycle and the secondary production of E. ujhelyii and to increase the knowledge of the nymphal biology of this species.
Study area and methods
The study site is located in the Malé Karpaty Mts (West Carpathians) (GPS coordinates: 48
• 15 35.67 N, 17
• 07 1.88 E). It is a small, calcareous stream, upper tributary of the Stupava stream, a tributary of the Malina River. The sampling site is located in a mature beech forest, at an altitude 340 m a.s.l. (Fig. 1) . The substrate was composed mainly of gravel (44%), sand (44%) and detritus (8%) localized mainly in pools, and stones (4%), without moss or macrophytes. There were some woody debris on the stream bottom. Stream width varied from 0.4 to 0.8 m, and depth ranged from 0.07 to 0.25 m during the sampling period. Mean annual water temperature was 9.5 cates were taken at each sampling date (giving a total area of 0.18 m 2 ). Sampling during the winter months (DecemberJanuary) was prevented by the layer of the ice and snow. Collected material was preserved in 4% formaldehyde. In the laboratory, mayfly nymphs were separated from detritus and other taxa, sorted, determined and counted under a binocular microscope. Water temperature was recorded hourly with the aid of a submerged data logger (VEMCO Minilog TR) placed in the studied stream from February to November 2010. Temperature data were averaged for each day to produce mean daily temperatures (Fig. 2) . The size-frequency histograms representing the life cycles were constructed in Microsoft Excel. Total body length without cerci of each nymph per month was measured to the nearest 0.1 mm with the aid of a micrometer fixed to the binocular microscope. To avoid measurement errors produced by curvature in the body, we placed nymphs between two slides before measuring them. Larvae were sorted into size classes with an interval of 0.5 mm. Biomass was obtained by using predetermined length-mass relationships according to Burgherr & Meyer (1997) and expressed as dry weight (mg DW m −2 ). Secondary production was evaluated using the size-frequency method (Benke 1979; Benke & Huryn 2006) . The monthly productions were estimated according to Beracko (2007) using the equation: Pi = j=1 (Pj * Nij /Nj ), where Pi -production of the population in the i-th month, Pj -production in the j-th size class (this production is known from the size-frequency method), Nij -number of individuals in the j-th size class and in the i-th month, Nj -total number of individuals in the j-th size class. Nymphal mean length was calculated each month as the weighted mean of nymphal total length, where mean total length was weighted by the number of individuals in each size class.
Results
Electrogena ujhelyii showed univoltine life cycle [Uwseasonal univoltine winter type, classification by Clifford (1982) ] with the presence of nymphs during all sampling period. The first small larvae were collected in July when mean daily temperature reached the highest value (18 • C). Mature nymphs were not found but presence of large nymphs was observed, suggesting the flight period in early spring and summer (Fig. 3) . The size classes of nymphs collected in February were similar to those in the previous November, suggesting no evident growth during the period when stream was frozen. There was also a large range in the size of nymphs during most sampling dates. On average, nymphal development took place between 3-18 • C. The highest density of individuals took place in August (72 ind. m −2 ) indicating massive hatching of nymphs, while the highest biomass was reached in March (87.8 mg DW m −2 ), coinciding probably with the beginning of the flight period (Fig. 4) . Mean annual biomass was 43.7 mg DW m −2 and mean annual density was 40 ind. m −2 . Nymphal mean length was irregular throughout the nymphal development, with an increase during the spring, coinciding with the emergence (Fig. 5) . The annual secondary production was 183 mg DW m −2 y −1 with an annual P/B ratio of 4.1. The highest monthly production value was measured in July (47.7 mg DW m −2 ). The lowest monthly production values were measured from August to February (-2.4-14.4 mg DW m −2 ) (Fig. 5 ).
Discussion
The life history information is fundamentally important for almost all ecological studies of the freshwater ecosystems (Rosenberg 1979) . Many studies focusing on the life histories of mayflies (Landa 1969; Sowa 1975; Clifford 1982; Elliott et al. 1988; Studemann et al. 1992; Bauernfeind & Humpesch 2001; López-Rodríguez et al. 2008 ) and comparative investigations on already described life histories are necessary from the viewpoint of the developmental flexibility in various geographical regions and environmental conditions. In this context, the study of the life history of the single species is essential in order to achieve a full knowledge of the ecosystem itself and the relations within it (Kozáčeková et al. 2009 ). The information about life cycle of E. ujhelyii are very limited, Sowa (1981) suggested one generation per year, Řezníčková et al. (2010) mentioned univoltine winter life cycle, but without detailed data. Our results agree with those findings. One detailed study comes from the mountainous region of Germany where nymphs of E. ujhelyii preferred ephirithral and hypocrenal zone (Hettlich et al. 1996) . They found univoltine life cycle with the flight period from May to September. Population parameters such as density, biomass, survival, growth and reproduction of individual species are parameters that define production and provide a measure of the population function in the community and information about their relative importance in the ecosystems (Benke 1993) . Our measured values of density, biomass and secondary production would be the first published data on E. ujhelyii. The only data on the secondary production of the genus Electrogena from temperate streams were published for the related species Electrogena samalorum (Landa, 1982) (Bottová et al. 2012) . Other published data are from Dudgeon (1996) , who reported 20.6 mg AFDW m −2 for Electrogena sp. in a tropical forest stream in Hong Kong and from Yan et al. (2009) , who found 15,800 mg DW m −2 y −1 for Electrogena sp. in southern China.
